Background: Information on the growth rate of the diameter of the residual dissected supra-aortic trunk after surgical repair of type A aortic dissection is limited.
The implications of a residual dissected supra-aortic trunk after surgical treatment of acute type A dissection have mainly been discussed from the viewpoint of late neurologic events. [1] [2] [3] Rupture of dissected supra-aortic trunk has also been reported. [4] [5] [6] The incidence and outcome of the residual dissected branch after surgical repair of aortic type A dissection are unclear. The aim of this study was to investigate the incidence of a residual dissected supra-aortic trunk and to determine the growth rate of the diameter of this vessel.
METHODS
From October 2005 to July 2016, 98 consecutive patients underwent surgical repair of type A aortic dissection (acute, 94; chronic, 4). The study cohort is summarized in Fig 1. We obtained informed consent not only for the operation but also for clinical investigation before surgery. This study was a retrospective study and was approved by our hospital's Institutional Review Board. Informed consent was waived by the Institutional Review Board, given the retrospective nature of the study using records without patient identifiers.
Imaging. The patients' postoperative computed tomography (CT) scans were retrospectively reviewed. Postoperative CT angiography within 1 week postoperatively was performed in 95 patients to evaluate residual dissection of the supra-aortic trunk (brachiocephalic artery [BCA] , left common carotid artery [LCCA] , and left subclavian artery [LSCA] ) of the aortic arch, which enabled confirmation of the presence of a residual dissected branch. In total, 251 scans of 34 patients were available for follow-up analysis. Of the 251 scans, 159 were CT scans with arterial contrast enhancement and 92 were CT scans without contrast enhancement. During the first year, CT was scheduled to be performed at 6 months and 1 year after the operation. After that, CT at the interval of 1 year was performed if the aortic condition was stable. In cases in which the residual dissected distal aorta showed the tendency to enlarge, CT at the interval of 6 months was performed. The unenhanced CT studies were follow-up studies obtained during the chronic phase and were used only to measure the branch diameter.
All CT studies were performed using a 64-row multidetector CT system (Aquilion 64 or Aquilion 64 CXL; Toshiba Medical Systems, Otawara, Japan) with 1-mm collimation The editors and reviewers of this article have no relevant financial relationships to disclose per the JVS policy that requires reviewers to decline review of any manuscript for which they may have a conflict of interest.
0741-5214
Copyright 
RESULTS
The patients' characteristics are summarized in Table I . A residual dissected BCA, LCCA, and LSCA was present in 41 of 95 (43%), 14 of 95 (15%), and 7 of 71 (10%) patients, respectively (Table II) . Twenty-four patients whose LSCA was ligated were excluded to evaluate the condition of the LSCA. A patent FL of the BCA, LCCA, and LSCA was found in 21 of 41 (51%), 10 of 14 (71%), and 4 of 7 (57%) patients, respectively. To investigate the change in the diameter over time, 34 patients with at least one dissected branch and a >1-month follow-up were investigated (Table I ). The changes in the diameter of the BCA are listed in Fig 2. We considered the change >1 mm as increasing diameter or shrinkage in this study. A residual dissected BCA with a patent FL exhibited an increasing diameter in 80% (12/15) of patients, no change in 13% (2/15), and shrinkage in 7% (1/15; Fig 2, a) . One case of shrinkage occurred in a patient in whom the patent FL became spontaneously thrombosed 1 year postoperatively. In contrast, a residual dissected BCA with a thrombosed FL exhibited an increasing diameter in 0% (0/18) of patients, no change in 28% (5/18), and shrinkage in 72% (13/18). The diameter seemed to reach a plateau between 1 year and 3 years postoperatively (Fig 2, b) . The changes in the diameter of the LCCA and LSCA are listed in Fig 3. A residual dissected LCCA and LSCA with a patent FL exhibited an increasing diameter in all cases (Fig 3, a) . In contrast, a residual dissected LCCA with a thrombosed FL exhibited shrinkage in all cases during the follow-up period (Fig 3, b) . To calculate the growth rate of the diameter of these dissected vessels, 22 patients with >1-year follow-up were also analyzed ( Table I ). The growth rates of the dissected BCA, LCCA, and LSCA are summarized in Table III . The initial diameter of each vessel was not significantly different between patent and thrombosed FLs. The growth rate of a BCA with a patent FL was significantly higher than that with a thrombosed FL (1.28 6 1.18 vs À1.85 6 2.89 mm/y, respectively; P ¼ .0037). The growth rate of an LCCA with a patent FL was also significantly higher than that with a thrombosed FL (0.81 6 0.34 vs À0.46 6 0.13 mm/y, respectively; P ¼ .0005). The growth rate of the LSCA exhibited the same tendency. The growth rate of the LSCA with a patent FL was 0.60 6 0.39, whereas that with a thrombosed FL was À0.70 6 0.83. We also analyzed the independent factors affecting patency of the FL in the BCA, which seemed to be relatively frequent and to present a clinical problem (Table IV) . Univariate analysis showed that age (#60 years), sex (male), and a preoperative dissected BCA with a complete FL thrombosis were significant risk factors. Multivariate analysis showed that sex (male) was a significant factor (P ¼ .0431; odds ratio, 2.04; 95% confidence interval, 1.07-55.81). During the follow-up period, one patient without connective tissue disease, such as Marfan syndrome, required surgical intervention for a dilated BCA 8 years after emergent total arch replacement for acute type A aortic dissection. The diameter of the dissected BCA gradually increased from 27 mm (Fig 4, a) to 40 mm (Fig 4, b and c) after the onset of the dissection.
DISCUSSION
A residual dissected supra-aortic trunk after surgical treatment of acute type A aortic dissection has mainly been discussed from the viewpoint of late neurologic events. [1] [2] [3] These dissected vessels are associated with the potential risk of neurologic events. According to a report published in the 1990s, a dissected branch was considered to be a benign condition. This study revealed that a residual dissected supraaortic trunk with thrombosis seems to be a benign condition, as expected. The diameter began to decrease from the early postoperative period and reached a plateau at around 3 years in most cases. However, the course of the change in the diameter of dissected branches with a patent FL was different. In some cases, the diameter reached a plateau within several years. Spontaneous thrombosis of the FL was occasionally observed in follow-up. 1 In other cases, the diameter continued to increase over time, and some of these cases should be considered for surgical intervention. The average growth rate was slow at around 1 mm/y. Therefore, long-term follow-up is necessary. After the surgical repair of type A dissection, aortic surveillance is usually necessary because the enlargement of residual dissected distal aorta or pseudoaneurysm is not rare. Therefore, we recommend that attention be paid not only to residual dissected native aorta but also to aortic arch vessels during the routine aortic surveillance. For the surveillance of dissected aortic arch branches with patent FL, CT at intervals of several years would be sufficient. In cases of thrombosed FL of those vessels, CT surveillance for dissected aortic arch branch might not be indicated. The factors affecting the growth rate of the dissected branch are one of the concerns. There seems to be little doubt that a patent FL is associated with growth according to the result of this study. This study revealed that male sex was significantly associated with a patent FL in the BCA. Neither resection of the primary entry nor extent of replacement of the aorta was significantly associated with a patent BCA. The impact of anticoagulation therapy on the patent FL of the residual dissected supra-aortic trunk is also one of the concerns. In this study, three patients with mechanical aortic valve and two patients with atrial fibrillation underwent anticoagulation. Among five patients, dissected BCA was observed in only one patient. Therefore, we could not conclude the association between anticoagulation therapy and patent FL of residual dissected supra-aortic trunk. To the best of our knowledge, no previous reports have described the risk factors of enlargement of residual dissected aortic branches (eg, aortic arch branches, celiac, superior mesenteric, renal artery, internal iliac artery) after surgical repair of type A dissection. By contrast, various articles have addressed the risk factors of enlargement of distal aorta after surgery for type A dissection or dissected aorta in chronic type B dissection. After type A dissection, partial thrombosis, uncontrolled hypertension, nonresection of the entry site, distal extension of a dissection, and Marfan syndrome have been reported to be risk factors. [8] [9] [10] [11] [12] As for type B dissection, partially thrombosed FL, male sex, and saccular FL have been reported to be risk factors, whereas increased age, increased number of entry tears, FL located on the outer curvature of the aorta, and circular configuration of the true lumen were associated with decreased aortic growth. 13, 14 In this study, younger age (<60 years), Marfan syndrome, and male sex tended to be risk factors of patent FL of the BCA in univariate analysis. In view of the previous reports cited before, factors such as younger age, male sex, and Marfan syndrome might be considered to be associated with increasing risk of patent FL of the BCA, resulting in gradual enlargement. This study has some limitations. The cohort size was relatively small. Not all CT studies were enhanced, which would be desirable to evaluate the condition of the FL, because of some patients' renal dysfunction. Moreover, the follow-up period was relatively short (3.4 6 2.8 years; range, 1-106 months) in a study in which the target values (growth rate of the vessels) changed gradually. Further follow-up is needed to determine the operative indications for these dissected vessels after surgical repair of type A aortic dissection. 
